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.Abstract Objective: The aim of this work was to evaluate the long term effect of cochlear implants
electrical stimulation on the function of a hypo-excitable lateral semicircular canal and saccule.
Methods: A total number of 45 children (21 males and 24 females) between 5 and 6 years of age
were included in this study. All patients were diagnosed with severe or profound sensorineural hear-
ing loss and bilateral or unilateral hypofunction of the peripheral vestibular system. All of the sub-
jects received multichannel cochlear implants. An initial vestibular system assessment was done
prior to implantation by bithermal caloric irrigation and vestibular myogenic evoked potential
(VEMP). Vestibular evaluation was done 1, 12 and 24 months after switching on the device.
Results: Nineteen subjects (42%) showed improvement of the lateral canal response and 10 of them
showed identiﬁable VEMP response at 90 and 100 dBnHL.
Conclusion: While the results of the current study showed positive impact of the CI on the hypoex-
citable vestibular system. The late effects of chronic electrical stimulation on the vestibular system
need to be further assessed.
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Thirty percent of deaf children had caloric hypo/a-reﬂexia.1
Though opinions vary among clinicians, Jacot et al.2 and Joanne
et al.3 reported an increase in vestibular system abnormalities in
patients complaining of sensory neural hearing loss. Lateral ca-
nal weakness is one of the most common vestibular abnormali-
ties in deaf children either bilateral, if the sum of the peak warm
and peak cool responses is 12/s or less in both ears or unilateral
when there is a difference in the magnitude of the nystagmus
from the right ear versus left ear as a response of bithermal calo-
ric stimulation exceeding 20%.1,4,5 Cochlear implants are widely
accepted in themanagement of severe and profound hearing loss
in children. The cochlea and the lateral semicircular canals are
anatomically closely related. Due to this close anatomical
50 H. Abdelghaffar, M. Elshazlyrelation; it would be rational to ask does the electrical stimula-
tion of the cochlear implant electrodes have any impact on the
lateral semicircular canal function? A possible injury risk was
investigated in the literature.6,7 Several groups have investigated
the effects of CI on vestibular function using caloric electronys-
tag mography (ENG), rotatory chair, off-vertical axis rotation
(OVAR), computerized dynamic platform posturography
(CDP) and quantitative scleral coil head impulse testing
(qHIT).8 When these assayed using ENG testing 0–43% of im-
planted ears exhibited a decrease in the horizontal semicircular
canal (SCC) function.9–14 Rotary chair testing revealed that
20–38% of implanted patients had a signiﬁcant decrease in ves-
tibular function after CI.12,13 OVAR revealed no change in ves-
tibular function after CI in one study. CDP substantially
improved in one study but worsened in another after CI.4,14,15
Saccular function measured by the vestibular-evoked myogenic
potentials (VEMP) in children undergoing CIwas absent in 5/12
patients preoperatively and disappeared in 6 of the remaining 7
postoperatively.16 Postoperative adult VEMP testing revealed
that 13–62.5% of the tested saccules suffered reduction in func-
tion.17,18 Quantitative HIT revealed that 1/11 CI recipients suf-
fered a signiﬁcant drop in SCC function.19 The Jacobsen
dizziness handicap inventory (DHI) has shown a wide range
of pre- to postoperative change; anywhere from 0% to 32% of
patients having a signiﬁcant increase in self-perceived handi-
cap.4,18,19 Studies thus far have not measured the long term ef-
fect of cochlear implants on the vestibular system function
especially the lateral semicircular canals. The objective of this
study was to evaluate the long term effect of cochlear implants
stimulation on the function of a hypoexcitable lateral semicircu-
lar canal and saccule.2. Subjects and methods
This study was carried out in the Cochlear Implants Center in
Wadi El Nile Hospital in Cairo – Egypt, between February
2008 and December 2010. A total number of 45 children (21
males and 24 females) with age of 5–6 years were included in this
study. The selected children have severe to profound sensory
neural hearing loss with bilateral or unilateral hypofunction of
the peripheral vestibular system prior to implantation. Within
3 months period, all selected children received multichannel co-
chlear implants (Advanced Bionics harmony and Med El sona-
ta) and were activated after one month of implantation. The
cochlear implant procedure was successful with no evidence of
infection and other complications after the cochlear implanta-
tion. All electrodes arrays were inserted in the scala tympani
as proved by intraoperative C arm Imaging. An initial vestibular
system assessment was done prior to implantation by bithermal
caloric irrigation using ICS Charter and vestibular myogenic
evoked potential (VEMP). VEMPswere recordedwith anAmp-
laid MK12. For Bithermal caloric testing, eye movements were
recorded using electrodes placed around the eyes via corneoreti-
nal potentials, while external auditory canals were alternately
irrigated with warm (44 C) water for 40 s, then, after a recovery
period, cool (30 C) water for 40 s, with the subject positioned
supine and head tilted up 30 in order to make the lateral canals
approximately vertical. During this time, the subject was asked
to carry on a mental distraction task, counting backward4 (chil-
dren were trained to open their 10 ﬁngers and start to close them
one by another after the irrigation). Bilateral lateral canal weak-ness was assumed if the sum of peak warm and peak cool re-
sponses is 12/s or less in both ears.4,20 Unilateral canal
weakness was assumed when the difference in the magnitude
of the nystagmus from the right ear versus left ear as a response
of bithermal caloric stimulation exceeded 20%.4,5 VEMP
recordings were performed to average acoustic click-induced
relaxations of the ipsilateral sternocleidomastoid (SCM)muscle
via electromyography (EMG). Electrodes over the clavicular
heads were used as references and the manubrium as ground
while the active electrodes were applied to the junction of the
upper andmiddle third of the SCMmuscles. Responses were re-
cordedwhile ipsilateral loud clicks were delivered through head-
phones and the subject turned the head to the contralateral side,
thereby tensing the ipsilateral SCMmuscle. The clicks (typically
60–100 dBnHL with duration of 0.1 ms) were repetitively pre-
sented to each ear at a stimulation rate of 5 Hz for 25 s. Myo-
genic potentials from the SCM were ampliﬁed, band pass
ﬁltered (20 Hz to 2 kHz) and averaged for 125 presentations.
The responses evoked in the neck EMGwere averaged and pre-
sented as a VEMP. Real-time rectiﬁed EMG activity was mon-
itored to ensure adequate contraction of the muscle for the
detection of the relaxation response. The VEMP threshold
was deﬁned as the minimum stimulus intensity for which a
p13-n23 wave was detected. Saccular function was considered
signiﬁcantly reduced if the VEMPwas absent.21 Vestibular eval-
uation was repeated at 1, 12 and 24 months after switching on
the device.3. Results
In the preoperative results all the 45 subjects by selection
had either unilateral or bilateral horizontal semicircular ca-
nal or saccular hypofunction as proven by the bithermal
caloric irrigation and VEMP testing. Forty-two subjects
had both bilateral lateral canal weakness and saccular hypo-
function. The mean average slow phase velocities after irri-
gation were 7 degrees/s. Three subjects had only unilateral
canal weakness. The average difference between right and
left side was 23%. One month post implantation follow up
did not reveal any change in the horizontal canals and sac-
cular function. Repeating the same vestibular evaluation test
battery, 12 months after switching on the implant 10 subjects
out of 45 (22%) showed improvement of lateral semicircular
canal response in the implanted ear. The mean average slow
phase velocities after irrigation were 14 degrees/s. Three of
them showed identiﬁable VEMP waves at 100dBnHl. In
the operated ear, while there was no signiﬁcant change in
the contralateral ear. Two years post-operative follow up a
total number of 19 subjects (42%) showed improvement of
the lateral canal response. The mean average slow phase
velocities after irrigation were 18 degrees/s. Ten of them
showed identiﬁable VEMP response at 90 and 100 dBnHL
in the implanted ear with no signiﬁcant change in the con-
tralateral ear (Table 1).
No subjects showed worsening. All subjects by selection
had hypoexcitable end organ vestibular system function.4. Discussion
Although, the incidence of long-term disability due to vestibu-
lar dysfunction after unilateral CI appears to be low,22 studies
Table 1 Average slow phase velocity (ASPV) changes after cochlear implantation on the implanted and on the contralateral side pre-
operative and 24 months post-operative.
Implanted side Contralateral side
Pre-operative Post-operative 24 months Pre-operative Post-operative 24 months
Number 45 19 45 19
Median 6 14 4 5
Lower quartile 3 8 3 4
Upper quartile 11 17 9 10
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the peripheral vestibular system. The current study was de-
signed to evaluate the long term direct effect of cochlear im-
plants stimulation on the function of a hypoexcitable lateral
semicircular canal and saccule. In theory, cochlear implanta-
tion may alter normal inner ear ﬂuid homeostasis, induce di-
rect trauma to the vestibular sensory structures, or surgically
induce inﬂammation, with resultant ﬁbrosis or hair cell loss.
For this assumption to be true, signiﬁcant dizziness, vertigo
and imbalance would occur as a result of the vestibular lesion.
These symptoms would be present irrespective of device activa-
tion. By contrast, electrical stimulation could impart patho-
logic changes to the inner ear with subsequent dysfunction
or provide conﬂicting sensory inputs resulting in vestibular
dysfunction and imbalance. In these cases, every time the de-
vice is activated this should induce dizziness, vertigo, nystag-
mus or imbalance.13 Another way of looking to the CI effect
is that the electrical current generated when switching on the
CI directly affects and improves the function of the hypoexcit-
able vestibular system. According to studies carried out by
Black et al. between 1977 and 1978,23–25 the CI stimulates
the vestibular nucleus through electric current and, therefore,
the stimulus generated was not only limited to the auditory
system. According to Ito,10 there was dizziness in 18% of the
cases when the CI was activated; which indicates the electric
current generated by the CI reaches the vestibular nerve, The
superior and the inferior vestibular nerves showed an increase
in the number of nerve ﬁbers from the inner ear end toward the
brainstem end of the IAC, whereas the facial and the cochlear
nerves showed a reduction in the number of ﬁbers. This sug-
gests that some of the superior and inferior vestibular nerve
bundles may receive ﬁbers from the facial and/or cochlear
nerves. Scanning electron microscopic evaluations showed
superior vestibular–facial and inferior vestibular–cochlear con-
nections within the IAC, but no facial–cochlear connections
were observed. Connections between the nerves of the IAC
can explain the unexpected vestibular disturbances in facial
paralysis or persistence of tinnitus after cochlear neurectomy
in intractable tinnitus cases.26 This description of connections
between the vestibular and auditory systems may justify some
clinical ﬁndings observed in implanted patients.
In the current study 2 years post-operative follow up in pa-
tients with hypoexcitable lateral semicircular canals a total
number of 19 subjects (42%) showed improvement of the lat-
eral canal response and 10 of them showed identiﬁable VEMP
response at 90 and 100 dBnHl. Those ﬁndings might support
the assumption of the positive effect of CI on the vestibular
system. The mechanisms underlying the ﬁndings in the present
study remain speculative. Presumably, unilateral CI could alter
a previously uncompensated vestibular lesion, thereby induc-
ing compensation. Vestibular compensation is known to becorrelated with a return of resting activity to the vestibular nu-
cleus (VN).27 Another possibility is that electrical stimulation
could somehow provide inputs to the vestibular system, thus
improving the vestibular end organs function in some way.
This may be supported by the improvements in postural stabil-
ity identiﬁed with device activation reported by Buchman et al.
in 2004.17
In Conclusion, while the results of the current study showed
positive impact of the CI on the hypoexcitable vestibular sys-
tem, still the effects of long term electrical stimulation on the
vestibular system need to be better/further assessed.References
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